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Abstract: Many cities in the UK and EU are failing to meet standards foe. N©the UK, 63% of UK Local
Authorities out of a total of 403 Local Authorities have declared one or more Air Quality Management Areas
(AQMASs) in 2011, which is a significant increase compared to the corresponding figure of 29% in 2003. The number
of AQMAs declared for N@has risen by nearly 350% from 160 to 549 AQMAs, during the same period. This has
prompted local authorities to develop local sport plans tananage traffic leveland also explorevays to reduce
vehicular emissions in the areas which are failing to meet $i@hdards. Low Emission Zones (LEZ) have been
designed in many European cities to achieve the latter. As the aim of arsltBZdduce concentrations of-air
pollutants within its boundaries, generally those vehicles with the largest gross contribution to emissions are targeted
initially. This study presents the results of a joint Low Emission Zone investigative study proyddedicastle and
Gateshead local authorities in the UK. A base year of 2010 was set up and then seven,doerthgogar 2021

were investigated with varying degrees of penetration of new technology vehicles. The seven scenarios for 2021
included a bsiness as usual scenario and sikerswith different mix of vehicle fleet (all vehicles Euro 5/V
compliant; all vehicle Euro 6/VI compliant; only goods vehicles Euro V compliant; only goods vehicles Euro VI
compliant; all buses Euro VI compliant; and alrs Euro 6 compliant). For scenarios where the Euro 6/VI
regulations were assumed effective it was found that general fleet turnover and renewal over the 2010 to 2021 period,
coupled with emissions improvements in other sectors, lead &pproximate #6 reduction ¢quivalent tolO1 15

O g P) in mean NQ concentrations for receptor points in Newcastle City and Gateshead Air Quality Management
Areas. This reduction by itself is sufficient to significantly reduce the chances of exceedence of the Wational
Quality Standard for annual mean NOc ur rent3 yi A0t ®gbsm areas, tshpoou g ha rtehaes 6p o t
with excessively high concentrations may remain.

INTRODUCTION

Newcastle is a city with approximately 280,000 inhabitants, situatetdeondrthern banks of the River
Tyne in northeast England. Opposite, on the southern side of thelidgeGateshead, home 200,000
peopk. Both are inextricably linkedphysically by numerous bridges over the Tyne, as well as
historically, culturally ad economically. Unfortunately both, like over 250 other local authorities in the
UK, are also linked through the problem of exceedence of the UK National Standard limit values for
annual mean N§( s et  a %) in4h@ir céhiges, with both havindeclaed Air Quality Management
Areas (AQMAS)(DEFRA, 2014)

Over the past decade, throughout Europe, the concept of a Low Emission ZonéélsEZ¥eived much
attention as a potential solution to mitigate exceedence problems in urban(E@ea2014) Many
existent LEZ schemes are focused on the abatement of issues with particulate matter {g @ndPM
PM..5) arising primarily from heavy vehicle (both freight and public transport) usage. Such schemes have
involved regulation on the use of earlier Euro emissistandards (i.e. Euro 2/11, 3/1ll and 4/)\&nd the
uptake of particle traps or filters within the vehicle fleet.



This paper examines the potential for N&hd NQ reductions (alongside PM and gQthrough the
implementation of LEZ affecting later Emuclasses (5/V and 6/VI) throughout the combined core areas of
Newcastle and Gateshe@@oodmaret. al.,2013)

METHODOLOGY

The methodology adopted in the study leveraged existingel and data resourcesom both local
authorities, as well as Newcasthaiversity itself. The backbone of the methodology was based on taking
traffic information from three primary sources:

1. Flow information for private (i.e. cars) and freight transport (i.e. light goods vehicles [LGVS]
and heavy goods vehicles [HGVs]) frolretTyne and Wear strategic Transport Planning Model
(TPM) (Jacobs, 2008)

2. Flow information for publietransport operations, based on publically available route and
timetable information;

3. Speedinformation from GPSnabled vehickk collected bya thirdpaty, and licensed to
Newcastle City Council.

These data were fed into Newcastle Universityos
Health and Environmental ModellingNamdeo and Goodman, 201&)ftware to produce a linkased
emissions inventy for the baseline year of 201Qterations of the inventory also included further
information of local vehicle fleets, obtained from the UK Driver and Vehicle Licensing Agency (DVLA)

and regional public transport bodies (notably the Tyne and Wear Pass€ransport Executive:
NEXUS, and local bus operator@ee Goodmaret. al, 2014) Speeebased emissions factors for the
inventory were derived from those published by the UK Department for Environment Food and Rural
Affairs (DEFRA) in the Emissions Famt Toolkit (version 5.1.3JDEFRA, 2012a)lt is worth noting that

these emissions are derived from assumptions abouvogld vehicle emissions from test cycle data.

Outputs from PITHEMprimarily NOy, PMip and PM s emissions plus vehicle primary N@stimates)

were then utilised in the ADM8rban Gaussian pollution dispersion mo¢ERC, 2011)to produce
concentrations (i.e. annual average values) across the two urban areas. Final concentrations also
incorporated noitraffic source emissions from DBFA 6 s b a ¢ k g (DBRRA, 2012bpapdsNQ
toNO;conversion usi ng DEDIERPOX12c Brecahaute gakaestimatds,cirothe

form of CO, emissions were also producdghsed on discussions within the project advisory group, a
target yeardr LEZ implementatiorwas set for 2021, and eightrther scenariosveredevelopedThese
scenariosvere:

A 6oaalny Euro 6 compliantd LEZ scenari o;

A albgoods vehicleqlight and heavy)Euro6/V | complianté LEZ scenar.i
A O6baoasley Euro VI complianté LEZ scenari o;

An  &ehiclés Euro 6/VIe mp | iLEZrsderdaripand

Two OEur o 6/ V-lbasédeon thedassangpton that futars Euro 6/VI vehicles do not
meet the expected emissions targets, and are more akin to existing Euro 5/V vehicles in their
NO performance.
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Baseline fleet turnaar over the decad2021was extrapolated from tH#10 data using theK National
Atmospheric Emissions Inventory (NAEI). This was coupled to projected traffic growth information
(+10% car, +24% LGV, +12% HGV and +0% Bus) within PITHEM, and resultant otnat®ns re
calculatedusingADMS-Urban.

RESULTS FOR EMISSIONS

Figure 1shows modelled emissions for N@ithin the central Newcastle AQMA, apportioned by vehicle
type. Within the 2010 base ye#&uses are identified as the largest single contri{d#¥o) to traffic NO,
emissions, but by 2021he effect of lighdieselvehiclesbecoma more dominant
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Figure: 1. Emissions of Oxides of Mbgen in Newcastle Centre AQMA, for different scenarios

Even before any LEZ strategy is applied, simple fleetduer, with increasing proportions of Euro 6/VI

vehicles accounts for a 60% reduction in Ngnissions. Further LEZ scenarios involving transition of

vehicle classes to at least Euro 5/V were found to be relatively ineffeptwdding only a further 2%
reduction over t he.LRZ0sRalegies based ori complianocentd Eurca6s/Estandards

within the city centre fared better, with up to a 77% reduction on the 2010 baseline. Similar reductions

were modelled for the centre of Gateshéldtk £enarios assuming no improvement of emissions through

the introduction of Euro 6/VI, resulted in emissions that were only 16% lower than the 2010 baseline.

For other pollutantstotal primary NQ emissions were modelled to decrease by 45% through general

fleet turnover by 2021, with LEZ scenariosreasing the reduction to a maximum of 65%. Worryingly,

the 6Euro 6/ VI fail 6 s c eaendssion®thatvgerecanpacablel if dtOhRHer pr i mar
thanthe baseline 2010 valuesccepting the projeaencrease in trafficlmpacts of the LEZ scenarios on

PMpor PMbsemi ssi ons were found to be relatively neglig
scenario. For C@emissions, there wemmall dis-benefits(+8%) calculated for the LEZ scenarios, given

the fuel penalties suggested in the EFT data associated with additional particulate filter and catalyst use
onpublic transportehicles, coupled with general traffic growth.

Results for Concentrations

The lefthand side ofigure 2 shows the modelled mzentrations for both Newcastle and Gateshead in

the baseline 2010 scenario. The blue contour lines represent modelled areas wereN@nanual
concentrations wer e @&),avhilstithd ed oordours showgareds in(exc8eBendd gf/ m

the 400 g A mit. The right hand side of the figure shows the proportion of totak Kfissions
associated with each vehicle <c¢class. Fimg mnii enu 00 s ho ws
scenario.



